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Abstract 
In large space and span building, secondary airflow with nozzle’s jet could be used to improve the uniformity of temperature 
and velocity distribution of indoor thermal environment, as well as the occupant’s comfort in the occupied zone. Therefore, it is 
very important to reveal the characteristics of the secondary airflow equipment with nozzle’s jet. In this paper, the characteristics 
of secondary airflow equipment and its air jet were researched through experiment. The experiment results on secondary airflow 
equipment performance showed that air volume, air static pressure, power and sound pressure level of the equipment would 
increase along with the increase of rotation speed under the same air nozzle diameters. And the results on air jet track illustrated 
that when the horizontal distance increased, the axis velocity of secondary airflow decreased both in isothermal jet and non-
isothermal jet conditions. Through this experiment, the characteristic parameters of the secondary airflow equipment were 
provided for actual construction design. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
In the large span and space buildings, secondary airflow equipment with nozzle’s jet had been proved to improve 
the uniformity of indoor temperature and velocity distribution and reduce the sense of air cooling, thus improve the 
comfort of work space [1]. Many studies have investigated the coupling of various air supply methods for different 
purposes. Based on the model of axis velocity and its distribution at section for single isothermal jet, Zhang W.L. et 
al. developed the mathematical model for the secondary airflow equipment with nozzle’s jet axis and with non-axis 
in the horizontal arrangement, and revealed the change of jet when they were coupled [2]. Gu X.L.et al. gave a 
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critical distance, modification coefficient of coupling air supply and enumerated the calculation methods for non-
isothermal jet by reviewing the theoretical formulas for the large space nozzle jet from different studies [3]. Xiao 
Y.Q.et al. theoretically verified the calculation formula for coincidence correction coefficient of multi-nozzle jet 
velocity and temperature overlap coefficient through experiment with nozzles arranged in series and parallel 
connection [4]. Ye X.J.et al. simulated the air distribution of three-dimensional turbulent flow of stratified air 
conditioning in the large space with different conditions by PHOENICS software. They also predicted indoor air 
distribution of non-isothermal jet through simulation with the standard of k-H turbulence model, staggered grid and 
finite volume element discrete equation analysis method in the large space building [5]. Wang F. et al. studied the 
characteristics of the induced fan in the tunnel jet through numerical simulation and found that jet characteristics 
mainly depended on the interval of the induced fan and the distance between the tunnel wall and fan [6]. However, 
most of these studies used theoretical calculation model for jet and rare studies revealed the characteristics of jet 
through the experiment. 
In this study, the characteristics of the secondary air equipment with non-isothermal and isothermal jet would be 
revealed on basis of on-site experiment in an actual large space building. 
2. Methods 
2.1. Experimental scheme for secondary airflow characteristics 
In order to design the secondary airflow equipment in large space building, the characteristics on relationship 
between air volume, power, noise and rotate speed were studied on the experimental stage (Figure 1). The 
procedures of the experiments were about that, firstly, the rotation speed of the secondary airflow device was set at a 
stable value, and secondly, the rotation speed of the auxiliary fan on the laboratory bench was adjusted to keep a 
certain value of the static pressure in the static pressure chamber. When the system was stable, the performance 
parameters of secondary airflow equipment were measured in different cases (Table 1). 
 
 
Fig.1. Schematic diagram of the secondary airflow equipment performance test 
Table 1. The experiment cases of different rotate speeds at a static pressure 
Static pressure Pa    Rotate speed rpm 
0 450 500 550 600 650 700 750 800 850 900 950 
from 1000 
to1350, with 
50 as the 
interval 
10       600 650 700 750 800 850 900 950 
20           700 750 800 850 900 950 
30               800 850 900 950 
40                   900 950 
50                     950 
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2.2. Experimental scheme for isothermal and non-isothermal jet characteristics  
Secondary airflow characteristic experiment was conducted in the large thermal environment space. The jet axis 
was determined by measuring the velocity of the jet cross section, and the air velocity at boundary of jet was defined 
as 0.5m/s. As shown in Figure 2a, the height of equipment center was 4.0 m, and the distance between equipment 
center and building wall was 16m. The space coordinate system was established based on assuming horizontal 
direction along the jet as the X axis and jet vertical drop direction as the Y axis. As for non-isothermal jet 
experiment, the cold air was directly sent to the equipment entrance by cooling fan. In the direction of X axis, 
velocity was measured at the points within the cross section with intervals of 1m, and the first cross section was 1m 
from the secondary equipment. These points were placed along the axis of the theoretical calculation trajectory, and 
the axis was regarded as the center. As shown in Figure 2b, the points upon and below the assumed center were also 
measured with 10cm vertical interval. And the point with the maximum of air velocity was regarded as the new 
center. Initial axis vertical position was corrected and then the points 10cm on the left and right of the center were 
measured. The maximum velocity was used to correct the transverse axis position. Velocity was recorded by 
Vientiane anemometer in every measured point.  
The different operating modes were distinguished by using different supply air temperature and airflow. 
Experimental conditions were shown in Table 2 (the 0qC temperature difference represented isothermal jet, and 
temperature difference of supply air in more than 0qC was non-isothermal jet). Instruments used in the jet curve 
experiment included Vientiane anemometer with model number SWP-NSR with precision off0.05m/s,KIMO-
VT50 hot wire anemometer, with precision of f3%rdg, f0.06m/s, HD2003 E+E for temperature and humidity 
with precision of ±0.2qC. 
 
 
Fig. 2. (a) the track of secondary air jet; (b) The measuring point layout on cross section 
Table 2. Jet experiment condition 
Nozzle diametermm 360 400 
Air outputm³ 2000 3000 2000 3000 
Supply air temperature differenceq& 0 6 0 3.6 0 3.2 0 3.2 
3.  Results 
3.1. The performance of secondary air equipment 
The experimental results showed relationship between air volume and rotation speed of the secondary airflow 
equipment nozzle in 360 mm and 400 mm diameter under the different indoor static pressure (Fig. 3). Air volume 
was converted for standard conditions on the basis of the environmental temperature and pressure. Air volume 
increased with the increase of rotation speed under the same static pressure. Air volume decreased with the increase 
of static pressure under the same rotation speed, and the curves of air volume and rotation speed were gently. Under 
the condition of same rotation speed or same static pressure, the air volume of big nozzle diameter was larger than 
the small one. 
a  b 
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The relationship between the input power and rotation speed of secondary airflow equipment nozzle in 360 mm 
and 400 mm diameter under different static pressure was shown in figure 4. The input power was increased with the 
static pressure increasing under the same rotation speed, but the change was not obvious; Under the same static 
pressure, the input power increased with the increase of rotation speed, and power of two kinds of nozzles were 
similar. 
As shown in figure 5, the curves reflected the relationship between sound pressure level and its frequency at 
different rotate speed of the secondary airflow equipment with nozzle in 360 mm and 400 mm diameter. At the same 
nozzle diameter, when the frequency was about 200, the sound pressure level was high and both sides were low 
under every rotation speed. The sound pressure level was also increasing with the increase of rotation speed, and the 
peak of sound pressure level had a trend to move from low frequency to high frequency. 
      
Fig. 3. relationship between air volume and rotation speed under different static pressure and nozzle diameters (a) 360mm and (b) 400mm. 
Fig. 4. relationship between power and rotation speed under different static pressure and nozzle diameters (a) 360mm and (b) 400mm 
3.2 .Secondary air jet characteristics  
Figure 6a showed the change of the axis velocity at isothermal jet along with the jet range. The velocity of 
isothermal jet axis decreased with the increase of horizontal distance. The velocity sharply reduced at the beginning, 
and then slowly decreased. Under the same nozzle diameter, the larger air volume, the greater the jet range of 
equipment. For different outlet diameter, the change of air volume was different in influencing jet range. 
The velocity decay of non-isothermal jet axis along the jet curve in different conditions was shown in figure 6b. 
Velocity of the axis began decreasing with the increase of horizontal distance. In the section before the main body, 
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the decrease was more explicit when the air volume was 3000 m³/h compared with the air volume of 2000 m³/h case. 
The more air volume of secondary airflow equipment, the larger the axial velocity decrease at the jet main segment. 
 
 
 
 
 
 
 
 
Fig. 5. relationship of sound pressure level with rotation speed and nozzle diameter (a) 360mm and (b) 400mm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. the change of axis velocity along distance from nozzle at (a) isothermal jet and (b) non-isothermal jet  
4 Conclusions 
Under the same nozzle diameter and static pressure, when rotation speed of fan increased, air volume, power, and 
sound pressure level of the secondary airflow equipment increased. As the horizontal distance increased, the axis 
velocity of secondary airflow attenuated both in the isothermal jet conditions and non-isothermal jet conditions. 
These results provided practical reference for secondary airflow design in large space and span building. 
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